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ABSTRACT 




The growth of bone cells or soft tissue cells on a surface is 
preferentially determined by the microgeometry of the surface. The 
cross-section sizes of grooves of a certain size favor bone cell 
grooves, whereas another certain size favors soft tissue growth. 
Laser apparatus is disclosed to cut the grooves inprearranged 
patterns; the use of the grooves on implants in also disclosed. 
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TITLE OF THE INVENTION 
CONTROL OF CELL GROWTH 

FIELD OF THE INVENTION 



A 




The present invention relates to the control of growth of 
certain cell types- by the microgeometry, particularly the 
microgeometry of surfaces. 



In many areas of the body, especially in the attachment of 
orthopaedic implants, it is very important that certain cells be 
made to grow in certain specific areas and directions and similarly 
in ofchar other types of cells in other areas e.g. in certain areas 
it« is desirable to have bone cell growth, while in other areas, it 
is desirable to have soft tissue cell growth and in« still other 
areas it is desirable to supress cell growth causing little or no 
cell growth. 



Smooth implant surfaces promote the formation of thick 
fibrosis tissue encapsulation and rough implant surfaces promote 
the formation of thinner, soft tissue encapsulation and more 
intimate bone integration. Smooth and porous titanium implant 
surfaces have been shown to have different effects on the 
orientation of fibrous tissue cells in vitro . In addition, surface 
roughness was demonstrated to be a factor in tissue integration 
into implants having hydroxyapatite surfaces and or alter the 
dynamics of cell attachment and growth on polymer implants whose 
surfaces had been roughened by hydrolytic etching. [J.M. Spivak, 
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search of acceptable areas for attachment and 
growth; and, 

contact guidance; i.e., the ability of some 
types, of cells to migrate and orient along 
physical structures. 

[J.L. Ricci, et al, Trans . Soc . Biomat . . 17, 253 (1991); J.L. 
Ricci, et al, Tissue-i nducing Biomaterials . Mat. Res. Soc. Symp. 
Proc, 252, 221-229 (1992); J. Ricci, et al . , Bull. Hosp Joint. Pis. 
Orthop Inst., supra; J.L. Ricci, et al. J. Biomed Mater Res. . 
25X1X, supra; M. Abercrombie, et al, Exp. Cell. Res. . 6, 293-306 
(1954); M. Abercrombie, Proc . Roy Soc . . 207B , 129-147 (1980); D.M. 
Brunette, et al, J. Dent. Res. . 62, 1045-1048 (1983); D.M. 
Brunette, Exp. Cell Res.. 164/ 11-26 ( 1986); P. Clark, et al, 
Development . 108/635-644 (1990)]. 

The behavioral characteristic of cellular contact guidance has 
been demonstrated in vitro on a variety of surfaces such as grooved 
titanium, grooved epoxy polymer, and collagen matrix materials of 
different textures and orientations . 

For example, it has been shown that fibrous tissue forms 
strong interdigitations with relatively ^rge grooves in the range 
of about^l40 um)can result in an effective barrier against soft 
tissue downgrowth perpendicular to the grooves. It has also been 
shown that smalle^grqoyes on the order of abou^3-y2^S^were more 
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effective in the contact guidance of individual cells. [D.M. 
Brunette, et al. Development . supra; P. Clark, et al, supra.] 

The findings in these publications do not address what effects 
different substrate microgeome tries and sizes would have on various 
cell colony growth and migration parameters as opposed to the 
morphology of individual cells. Publications do not disclose or 
suggest what effect different surface microgeometry of implants 
would have on both the rate and direction of the cell colony growth 
of different cells and different tissues surrounding an implant. 

SUMMARY OF THE INVENTION 

This invention is directed toward microgeometric surfaces 
which alter the behavior of cells attached to them and that cells 
derived from different tissues respond differently to these 
surfaces . 

An objective is to create a surface that enhances bone growth 

s 

and discourages soft tissue growth, to achieve good bony fixation; 
a surface that encourages soft tissue growth and mitigates against 
bone growth, to achieve soft tissue integration; and a surface that 
acts as a barrier to (particularly soft fibrous) tissue growth, to 
prevent soft tissue migration into bone attachment .areas. 

Different surface microgeometries were found to cause 
directional soft tissue and bone cell growth and control overall 
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growth to different degrees, confirming our hypothesis that such 
surfaces favor one or the other type of cell growth and strongly 
direct that growth. 

Another object of the invention is to provide an implant 
having a surface that enhances bone growth and discourages soft 
tissue growth. 

Still another object of the present invention is to provide a 
surface with the surface that encourages soft tissue growth and 
mitigates against bone growth to achieve soft tissue integration. 

A further object of the invention is to provide a surface that 
acts as a barrier to tissue growth to prevent soft tissue migration 
into bone attachment areas . 

Substrates having microgeometric texturized surfaces can be 
used to control the rate and orient the direction of the growth of 
different calls. After sufficient growth has been achieved, the 
particular tissue themselves can be transferred from the substrates 
and either implanted or used for other purposes such as cell 
research, growth of tissue and/or cells in bioreactors, and the 
like. For example, by employing microgeometric texturized surfaces 
on an appropriate substrate, epidermal cells can be grown for use 
in repairing or replacing tissue lost from burns, nerve cells can 
be grown for repairing or replacing damaged nerve tissue as well as 
glands, bone marrow, glial cells of neurological tissue, fibroblast 
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cells , small vessel cells , smooth muscle cells, organ cells, and 
the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram illustrating an assemblage 
that can be used with the invention; 

Fig. 2 is a perspective view of an optical prism that can be 
used with the invention; 

Fig. 3 is an exaggerated elevation view of optical mirrors 

that can be used with the invention; 

/ 

Figs 4A-4H are diagrammatic cross sectional views of 
microgeometric texturized configurations that can be used on the 
surfaces of hip implants and dental implants; 

Figs . 5A-5F are diagrammatic plan views illustrating various 
geometric patterns in which the microgeometric texturized 
configurations of Figs. 4A-4H can be arranged; 

Figs. 6A-6H are also diagrammatic plan views illustrating 
additional geometric patterns in which the microgeometric 
texturized configurations of Figs. 4A-4H can be arranged; 

Figs. 7A and 7B are perspective, fragmentary views, part 
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broken away for clarity, of microgeometric surfaces illustrating 
embodiments of the configurations shown in Figs. 4A-4H, 5A-5F and 
6A-6H; 



Fig. 8 is an elevation view of a hip implant having 
microgeometric texturized surfaces according to the invention; 

Fig. 9 is a fragmentary, enlarged elevation view illustrating 
a dental implant having microgeometric texturized surfaces 
according to the invention; 

Fig. 10 is an elevation view, part in section, illustrating a 
transcutaneous implant having microgeometric texturized suface 
according to the invention; 

Figs. 11 and 12 are perspective views, part broken away to 
reveal details, illustrating substrates that can be used to grow 
and develop various types of tissue cells in vitro : and 

Figs. 13-21 are graphs showing the results obtained from the 
Example of the invention. 



The objec^bf the present invention are attained by a surface, 
a substrate, with oriented micromachined surfaces which alter the 
behavior of cells attached to it and which surfaces make 
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cells derived from various tissues respond differently to the 
surfaces . 

The structure in accordance with the present invention 
comprises microgrooved texture zones and barrier zones. The 
microgrooved textured zones with various sizes of the grooves 
promote different types of tissue growth. The three types of site- 
appropriate surface configurations which are suitable for in vivo 
use: (1) barrier zone surface for preventing fibrous tissue 
migration and/or directionally conduct fibrous tissue; (2) 
microgrooved textured zones having the grooves size in a specific 
size range to promote the bone cell growth over soft fibrous tissue 
growth; (3) microgrooved textured zones having the grooves sizes 
lfess approximate than a specific size range to stimulate fibrous 
tissue growth over the bone tissue growth. 

The rate and direction of cell colony growth and the growth of 
different cell types can be controlled by using the system and 
assemblage of the invention. s In general , a plurality of separate 
zones of texturized surfaces/ each zone containing a different 
microgeometric design or pattern which is presented and exposed to 
the particular cell type for development of its unique colony 
growth. These different microgeometric texturized design surfaces 
are provided to : 

a. promote the rate and orient the direction of bone 
growth and discourage the growth of soft tissue to achieve secure 
fixation of the implant surfaces to bone tissue; 



b. promote the rate and orient the direction of the 
growth of soft tissue while discouraging the growth of bone tissue 
to achieve soft tissue integration with the implant surfaces; and 

c . create a barrier that discourages the growth of soft 
tissue, particularly soft fibrous tissue, and thereby prevent the 
migration of soft tissue growth into the bone tissue attachment 
surfaces of the implant. 

The microgeometry of the size and shape of the indentations on 
the surface influences the growth of certain types of cells. 

>• 

Surfaces for Stimulation of Fibrous Tissue Growth. Since 
fibrous tissue and bone cells will be "competing" for these 
. surfaces in vivo, the ratio of bone to soft tissue colony area 
increase on a given surface is an important parameter in surface 
selection. This ratio indicates the relative stimulation or 
inhibition of cell growth on these surfaces. Theoretically this 
ratio would be significant to provide advantage for growth of one 
or the other cell type on a surface, with high ratios favoring bone 
cell growth and low ratios favoring fibrous tissue growth. Based 
on these ratios, the 2 -urn indentation or groove surface would 
provide a 32.8% decrease in bone/soft tissue growth, providing a 
significant adv antage in sof t tissue cell growth. This surface • 
could be used to favor bone cell growth; it can also be used to 
significantly orient growth of these cells. The 4-um indentation 

. " ' — ; — 

or groove surface provides a similar ratio but is based on lower 



overall growth rates. If non-oriented fibrous 1 cell growth is 
required, the flat control surface provides an inherent advantage 
to RTF cells a ratio of bone to soft tissue cell growth of 
approximately 0.6). This effect has been observed in vivo where 
smooth surfaces have been shown to favor formation of thick fibrous 
tissue capsule formation as compared to textured surfaces of the 
same composition, which show less fibrous capsule formation and 
more extensive osteointegration. 

The surface with the highest ratio of bone to soft tissue cell 
growth is the 12-um indentation or groove substrate. The basis for 
the ratio is the fact that this surface inhibits soft tissue ^cO^riy 
growth by 53.1% relative to controls. This is close to the maximal 
suppression of soft tissue cell growth seen on these 
microgeometries . This same surface, however, does not maximally 
suppress bone cell growth (46.3% suppression relative to controls) . 
This differential suppression results in a 14.4% increase in 
bone/soft tissue growth ratio relative to the control ratio. In 
vivo, where both cell types are present and compete for growth, 
this provides a significant advantage to bone colony growth. Bone 
cells grown on this surface also exhibit greatly enhanced 
directional growth in the x-axis . In vivo, this surface should 
favor bone over soft tissue growth and could be used to 
directionally conduct bone growth. 

Some of the surface configurations are: 
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Barrier Zone Surface - to Direct Conduction of Soft Tissue. 
__JThe_jJ-u^ eliminates y-axis growth and 

st im ulates x-axis growt jj^njy^^^ cells , can be. used as a 

barrier zone to prevent fibrous tissue migration and/or can be used 
to directionally conduct fibrous tissue. 

% Enhanced Fibrous Tissue Growth Surface. The 2-um groove can 

/ — — — — — ■ — 

be used to st imulate f ibrous tissue gr owth relative to bone cells. 

It has the additional advantage of causing specif ic ' directional 

migration at more than twice the rate of cells on the flat 

controls. In areas of an implant surface where a randomly oriented 

fibrous tissue layer is needed, and no directional conduction is 

necessary, the flat surface, which inherently favors fibrous versus 

bone cell growth, can be used. 

Enhanced Bone Growth Surface-to Direct Conduction of Bone 
Tissue. The 12-um groove has been shown to increase the RBM/RTF 
cell growth ratio. This favors bone cell growth over fibrous 
tissue growth. In addition, this surface causes specific, 
directional migration of bone cells at approximately twice the rate 
of cells on the flat surface. This surface can be used to enhance 
bone vs. soft tissue growth as well as direct bone growth into 
regions of an implant surface where bone fixation is needed. 

The ability of surface microgeometry to influence cell and 
tissue formation-both bone and soft tissue-has already been 
demonstrated. 
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In a series of studies RTF (rat tissue cells) and 
RBM (rat bone cells) cell colonies were grown on each of 
the six experimental and control substrates. RTF and RBM 
cells from the same animals were used to intiate groups 
of five to eight substrates per micpigeometry type and 
cell type. Each surface had a flat area to act as an 
internal control. Four colonies each were initiated on 

the flat control and experimental sides of each 55-mm-diameter substrate. 
Thus, 40-64 colonies were initiated on each type of substrate for each cell 
type, divided between flat control surfaces and experimental 
microgeometry surfaces. The colonies analyzed in these experiments were 
fixed and quantitated at 4 and 8 days, in order to document the most 
consistent period in colony growth. The RTF and RBM cell colonies were 
measured for area, x-axis growth (parallel to surface microgeometry), and 
y-axis growth (perpendicular to surface microgeometry). In order to 
correct for small variations in initial colony size and shape, which can be 
affected by the way the shape of the liquid collagen drop is influenced by 
surface microgeometry, average colony parameters at 4 days are subtracted 
from the 8-day data for each cell type and surface. This yields. data, 
expressed as. area, x-axis, or y-axis increase between 4 and 8 days. X- toy- 
axis growth ratios and RBM cell vs. RTF cell growth ratios are also used to 
compare these results. 

Both cell types showed consistent growth by day 4, with the 
RTF cells showing earlier growth than the RBM cells. Examination of a 4- 
day-old RBM cell colony shewed the central region, the original "dot," 
consisting of collagen and ^el^ and cell outgrowth at the periphery with the 
cells oriented randomly and becoming sparse at the periphery. Both cell 
types showed extensive growth between 4 and 8 days, with the RTF cells 
growing at a faster rate than the RBM cells as shown in Figs 13 and 14. 

The experimental surfaces were observed to cause 
oriented cell attachment and migration, resulting in elongated colony 
growth which was accelerated in the jc-direction (parallel to the 
surface microgeometry) and inhibited in the y-direction 
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(perpendicular to the surface microgeometry as shown in Figs. 15- 
18). On an individual cell level, the cells were observed to orient 
along the surface grooves. This causes. the cells to be "channeled" in 
the x -direction, as compared with control cultures, where the 
outgrowing cells move randomly on the flat surfaces. The most 
efficient cell^ "channeling" was observed on the 6-jim and 8-jim 
surfaces. On these surfaces, both cell types were observed to attach 
and orient within the grooves and on flat tops of the grooves. This 
resulted in enhanced x-axis growth and almost no y-axis growth by 
both cell types on these surfaces. . On the smaller microgeometries, a 
different effect was observed. Both the RBM and RTF cells bridged 
the surfaces of the 2^im grooves resulting in cells with different 
morphologies than those on the 6-, 8-, and 12-^im surfaces. These 
cells were wide and flattened and were not well oriented. On the 4- 
Hm grooves, the RBM arid RTF cells showed mixed morphologies, with 
most cells aligned arid elongated but not fully attached within the 
grooves. This resulted in appreciable y-axis growth by the RBM cells 
on the 2-\i m surfaces and by the RTF cells on the 2- and 4-nm 
surfaces. At the other end of the size range, limited y-axis growth 
was also observed when these cell types were grown on the 12-^tm 
surfaces. This may be a result of the microgeometry being significantly 
larger than the cell dimensions, allowing some diagonal cell orientation and 
cell "wraparound,", resulting in limited y-axis growth. 



The results of the observed effects of these surfaces on overall 
RBM and RTF cell colony growth was very pronounced. All the 
experimental substrates caused varying but significant increases in x-axis 
growth compared to the diameter increase of the controls and varying but 
pronounced inhibition of y-axis growth (Figs. 15-18). This nearly always 
resulted in suppression of overall growth of the RBM and RTF cell 
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colonies compared with controls (Figs. 13-14), The exception was RTF 
cell growth on the 2-jim surface (Fig. 14, which was equivalent in area 
increase to controls, presumably because of the y-axis growth contribution 
as seen in Fig. 18. Importantly, suppression of cell growth differed 
between cell types. This offers the opportunity to differentially provide a 
growth advantage to one cell type over the other. 



The observed growth suppression is a geometric phenomenon. 
Circular control colonies increase in area as a function of the square of 
their radius. The colonies grown on the microgeometry surfaces become 
rectangular-to-oval in shape because of differential x- and y-axis growth 
rates. Since y-axis growth is extremely low in most cases, the colonies 
increase significantly in area only in the ^-direction. This results in area, 
increase based almost solely on linear increase in x-axis length. This one- 
dimensional growth (as compared to the two-dimensional growth of 
circular controls) results in a slower linear rate of area increase, even 
though its x-axis growth is faster than that of the control diameter growth. 

• ' ' • - v. ■ " - 

This surface should prevent y-axis migration and growth and 
orient fibrous tissue. While the maximal orientational effect (highest x~ 
axis/y-axis ratio) on the RBM cells was observed on the 6- f 8-, and 12-jim 
surfaces (Fig. 19), the maximal effect on the RTF cells was observed on the 
8-jim surface (Fig. 20). This indicates that the best microgeometry size to 
act as a barner for RTF cell growth would be the $-\im surface, since RTF 
cells grown on this surface would have the smallest y-axis growth across 
this surface and an enhanced directional growth in the x-axis to values 
nearly twice those of controls (Figs. 18 and 20). 



Since fibrous tissue and bone cells will be "competing" for these 
surfaces in vivo, the ratio of RBM to RTF colony area increase on a given 
surface is an important parameter in surface selection. This ratio indicates 
the relative stimulation or inhibition of cell growth on these surfaces (Fig. 
21). Theoretically this ratio would be significant to. provide advantage for 
growth of one or the other cell type on a surface, with high ratios favoring 
bone cell growth and low ratios favoring fibrous tissue growth. Based on 
these ratios, the 2^im surface would provide a 32.8% decrease in RBM/RTF 
growth, providing a significant advantage. in RTF cell growth. This 
surface could be used to favor RTF cell growth; it can also be used to 
significantly orient growth of these cells. The 4-jim surface provides a 
similar ratio but is based on lower overall growth rates (Figs. 13 and 14). 
If nonoriented fibrous cell growth is required, the flat control surface 
provides an inherent advantage to RTF cells (a ratio of RBM to RTF cell 
growth of approximately 0.6). This effect has been observed in vivo 
where smooth surfaces have been shown to favor formation of thick 
fibrous tissue capsule formation as compared to textured surfaces of the 
same composition, which show less fibrous capsule formation and more 
extensive osteointegration. . 



The surface with the highest ratio of RBM to RTF cell growth 
is the 12-nm substrate. The basis for the ratio is the fact that this surface 
inhibits RTF colony growth by 53.1% relative to controls (Fig.14). This is 
close to the maximal suppression of RTF cell growth seen on these 
microgeometries. This same surface, however, does not maximally 
suppress RBM cell growth (46.3% suppression relative to controls, Fig. 
13). This differential suppression results in a 14.4% increase in RBM/RTF 
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Representative substrates that can be used to promote and 
-develop the rate and orient the direction of the growth of various types of 
tissue cells io.^ are illustrated in Figs 1 1 and 12. As shown in Fig 11 
one type of substrate that can be used can be provided in the form of a 
hollow cylindrical member 75 having opposed, open ends 76, 77 and a 
plurality of wedge shaped ridges 78 formed on its inner circumferential 
wall, the ridges 78 being parallel to each other and to the longitudinal axis 
of cylindrical member 75. 



•Another substrate embodiment is illustrated in Fig. 12 which is 
also in the form of a tubular member 80 having opposed open ends 8 1 , 82 
and a plurality of grooves 83 formed in its inner circumferential wall 84, 
the grooves 83 being parallel to each other and to the longitudinal axis of 
tubular member 80. In this embodiment, each of the grooves 83 also has a 
plurality of spaced, anchoring holes 85 formed along their lengths. 

..The microgeometric texturized designs and configurations 6n 
the substrates illustrated in Figs. 1 1 and 12 can be combined in a single 
substrate or the substrates can be provided with the microgeometric 
texturized designs and configurations illustrated in Figs. 4A-4H, 5A-5F and 
6A-6H as well as various combinations thereof. In addition, substrates can 
be provided in the form of flat, planar members having one or more of 
these microgeometric texturized designs and configurations formed on 
their planar surfaces. . 

The efficacy of utilizing microgeometric texturized designs 
and configurations of the invention to promote and orient the direction of 
growth of tissues and cells is further illustrated by the following Example. 



These studies, of this Example were performed using a square 
wave shape (See Fig. 4A) and a flat surface as control (produced by the 
same methods), since the square wave shape has demonstrated a strong 
effect of cellular contact guidance in past studies [P. Clark, et al, 
Development . 108, 635-644 (IQQm] 

Following the nomenclature of Cheroudi et al 17. Biomed. 
Master. Res..24. 1067-1085 (1990)] for the surfaces, the distance 
comprising one groove and one ridge between the grooves is called the 
repeat spacing, or pitch (a + b, in Table 1). The depth (c in Table 1) of the 
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■groove refers to its deepest point, and the width (b in Table 1) is the total 
opening in the plane of the substrate. . 

The substrates used in these experiments have been molded 
from templates precision-fabricated at the National Nanofabrication 
Facility (NNF) at Cornell University. The investigators fabricated the 
templates with the assistance of the staff at NNF. 

"Fabrication of the microstructures by microlithography is a 
three-step process: design, application of a thin photoreactive layer, and 
development. To model a square-wave architecture, a window with 
parallel grid lines was designed on the CAD program Symbad and the CAD 
files were used to store different grid dimensions. Via a VAX station- 
3100, these files were transferred to an Optical Pattern Generator to 
fabricate a photomask from the design layout. This was done by exposing 
the window on a high-resolution emulsion plate with a laser 
interferometer. All photomasks were developed by typical film 
development procedures.. 

In the next step, 3-in. silicon wafers were coated with 15 |im 
of silicon dioxide, obtained by a mixture of 70% nitrous oxide and 17% 
silane gas, on a Chemical Deposition System. Deposition took place at a 
rate of 40 nra/min, with chamber conditions of 450 mtorr pressure, 50W 
reflecting power, and 200°C temperature. To align each grid, window, the 
wafers were placed on a Projection Mask Aligner with their respective 
masks. For each template, there was a toal of 239 exposures for 1.2 sec 
each. Exposure subsequently applied a thin layer of photoresist. 

The development of square-wave microstructure was achieved 
by multiple reactive ion etching (RJOE) techniques. Each template was 
initially placed on the Magnetron Ion Etcher where the silicon dixoide 
surface was etched with carbon tetraflouride at 1.0-kW peak voltage. 
Templates were next placed on the Barrel Etcher to strip the photoresist at 
13.5 torr pressure and 240e»C temperature. The bare polysilicon surface 
was further etched with the Plasma Therm REE System; This system etches 
in a directional manner, producing the square-wave shape used in this 



example. The parameters used were 49 parts/cm3 (pccm) chlorine and 7 
pccm boron trichloride, 60 mtorr pressure, and 200 IcW reflecting power. 
Finished templates were washed in hydrochloric acid and attached to 3-in.- 
diameter aluminum stubs using epoxy to provide a rigid base. One-half of 
each template^received an experimental microtexture, the other half was 
left flat. 

Culture plate surfaces were created from the templates by 
solvent casting. The mold solution was obtained by dissolving 15 g of ' 
polystyrene in 100 mL ethyl acetate for at least 6 hr. A dam was produced 
by attaching tape around the perimeter of the template. An 8-mm solvent 
depth produce 0.5-mm, polystyrene substrates. After pouring the solvent 
on the template and before it dried, they were placed under high vacuum 
for 1 min to eliminate air bubbles at the interface, to avoid producing 
inconsistencies in the experimental surfaces. The solvent was allowed to 
dry for 24 hr and the surfaces were placed in a water bathfor 5 hr. The 
substrates were peeled off their respective templates, and outer edges were 
removed to yield 50-mm circles. Substrates were allowed to dry for at least 
24 hr to completely remove the solvent. 

Surfaces were then evaporation-coated with titanium oxide in a 
Denton 502 Vacuum Evaporator. To obtain a 600- A coating, substrates 
were placed i 00. mm from the electrodes under a 40-kW reflecting power 
and 5 x 10-5 mtorr pressure. Substrates were ethanol-sterilized for 5 min 
and attached to 50-mm petri dishes with a heated probe. 



To initiate RTF cell cultures, hindfoot extensor tendons were 
removed from male, 14-dayold Sprague-Dawley rats that had been 
sacrificed by C02 overdose. This method of sacrifice does not contaminate 
the tendon tissue. Four extensor tendons were removed under sterile 
conditions from each foot and placed in Hank's balanced salt solution 
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(HBSS) containing 1 % penicillin-streptomycin. The tendons were then 
separated from sheath tissue by microdissection. All culture procedures 
were conducted under sterile conditions. Cultures were grown in a 37°C 
incubator in an atmosphere consisting of 95% air, 5% C02, and saturated 
humidity. Cultures were maintained with Dulbecco's Modified Eagle's 
Medium (DMEM) containing 10% fetal bovine serum and 1% penstrep. 
The medium was carefully maintained at pH 7.4 



Groups of explant cultures were grown for approximately 12- 
17 days; explants were removed, and the cultures were subcultured by 
enzyme digestion. Cultures, were treated with a 0.25% trypsin solution in 
calcium- and magnesium-free HBSS for 20 min in order to free the cells 
from the culture plates. Cells were rinsed in medium containing 10% 
serum to stop the trypsin reaction, counted using a hemocytometer, and 
used to inoculate culture plates or initiate dot cultures. To ensure that the 
cells retained their in vivo behavior characteristics, only primary, 
secondary, and tertiary cultures were used for the experiments. . 



Cell cultures were'prepared from 14-day-oId rat femurs 
. according to the method of Maniatopoulos fCell. Tiss. Res. . 254. 317-330 
(1988)]. In brief, femurs were dissected out under sterile conditions and 
the ends cut off. The marrow cavity was flushed out with medium using a 
syringe and the contents were incubated in a culture plate. While the 
hemopoietic elements do not attach, the stromal cells attach to the plate. 
After the unattached elements were removed, the attached cells were 
allowed to grow to cpnfluency. The cells routinely stained positive for 



alkaline phosphatase activity. All experiments were conducted in DMEM 
with 10% fetal calf serum and 1% penstrep. 



When these cultures became confluent, they were subcultured 
using the same procedure described in "C" above for the RTF cultures. 



RTF and RBM cells were embedded in a collagenous matrix as 
a source of cell colonies. These cultures were initiated by mixing cell 
suspensions with pepsin-digested type I bovine collagen solution. This 
solution was dispensed in 2-|iL aliquots (containing 18,000-20,000 cells 
each) on the control and experimental substrates and polymerized to form 
gels. Eight colonies were formed on each experimental substrate (designed 
to fit in a 60 mm culture plate) with four colonies placed on the flat control 
side and four colonies placed on the experimental microgeometry side. 
'The resulting gel "dots" acted as sources of cells for colony formation. 
The cultures were maintained under standard sterile conditions, in the 
appropriate medium. 

Cultures were examined using ah inverted-phase contrast 
microscope with a 35mm camera attachment. 

The "dot" culture model is basically an explant model with 
some important distinctions. While explant cultures can be used to measure 
cell colony formation of surfaces, they tend to form irregular colonies 
whose shapes cannot be easily analyzed. This is because the explants tend 
to be variable in shape, cell number and area of contact with the substrate. 
In the present model, colony formation begins from a circular dot of cell- 
containing collagen gel. Colony cell numbers and shapes are consistent and 
colony formation kinetics are consistent and easily measured. It is the 
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consistency and measurability of this model that makes it appropriate for 
these experiments. 

It is believed to be important to use freshly isolated cells for 
experiments such as these, since continuous cell lines, transformed cell 
lines, and cells that have been subcultured through many passages do not 
exhibit attachment and migration behavior that is true to their normal in 
vivo state. 



Cultures were preserved in 10% phosphate buffered formalin 
on days 4 and 8 and stained with toluidine blue stain. Representative 
cultures were viewed and photographed using light microscopy in order to 
examine individual cells as -well as colony outgrowth patterns. Using the 
Scientific Imaging Solutions computer workstation which consists of a light 
microscope with a videocamera connected to a personal computer with 
video acquisition hardware and TCL-Image image processing/image 
analysis software, images of the colonies were digitized and measured. 
Overall colony area and aspect ratios relative to the material surface 
microgeometry were recorded. 
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NOW REFERRING TO PARTICULAR MICROGEOMETRIC PATTERNS: 

The microgeometric texturized configurations illustrated in 
Figs. 4A-4H comprise a plurality of grooves 44 and ridges 45 formed 
by the system and assemblage of the invention and their dimensions 
are indicated by the letters "a", "b", ^c" and »d". As can be seen 
these configurations include those having square ridges 45 and 
square grooves (Fig. 4A) where "a", "b" and "c" are equal and where 
the spacing (or pitch) "d" between adjacent ridges 45 is twice that 
of "a", "b", or "c". Figs. 4B and 4C illustrate rectangular configu- 
rations formed by grooves 44 and ridges 45 where the "b" dimension 
is not equal to that of "a" and/or "c" . Figs. 4D and 4E illustrate 
trapozidal configurations formed by grooves 44 and ridges 45 where 
the angles formed by "b" and "c" can be either greater than 90° as 
shown in Fig. 4D or less than 90° as shown in Fig. 4E. In Fig.. 4F, 
the corners formed by the inter-section of dimensions "b" and "c'.' 
have been rounded and in Fig. 4G, these corners as well as the 
corners formed by the intersection of dimensions "a" and "b M have 
been rounded. These rounded corners can range from arcs of only a 
few degrees to arcs where consecutive grooves 44 and ridges 45 
approach the configuration of a sine curve as shown in Fig. 4H. 
In all of these configurations , either the planar surface of the 
ridge 45; i.e., the "a" dimension, or the planar surface of the 



groove 44; i.e., the "c" dimension, or both can be corrugated as shown by 
dotted lines at 45a and 44a in Fig 4A. 

In the micrbgeometric texturized .configurations illustrated ^ 
Figs 4A-4H, the dimension of "a" can be from abo^HjIS^o^abou^OO^ 
urn and the other dimensions, "b", V and "d", can be determined from the 
V dimension. 

The geometric patterns in which the micrbgeometric 
texturized configurations shown in Figs 4A-4H can be arranged are 
illustrated in. Figs 5A-5F. As can be seen, these unidirectional geometric 
patterns include those where the grooves 44 and ridges 45 are of equal size 
(i.e., "a" = V) and parallel (Fig 5A); those where the grooves 44 and 
ridges 45 increase (or decrease) in size as shown in Fig. 5B; those, where 
ridges 45 are in the form of individual projections defining a checkerboard 
configuration as illustrated in Fig 5C; those where grooves 44 are 
depressed to define a plurality of spaced, parallel rectangular depressions 
(Fig. 5D) or a plurality of spaced, parallel circular depressions (Fig. 5E); ~ 
and, those where thej^ges_45 and grooves intersect one another as shown 
in Fig 5F. 

Additional geometric patterns in which the microgeometric 
. texturized surface configurations, can be arranged are illustrated in Figs 
6A-6H in the form of unidirectional, arcuate and radial patterns as well as 
combinations thereof. As can be seen, these arrangements include radiating 
patterns (Fig. 6A); concentric circular patterns (Fig 6B); radiating fan 
patterns (Fig 6C); radiating/concentric circular patterns (Fig 6D); radiating 
pattern intersecting concentric circular pattern (Fig 6E); an intersecting 
pattern surrounded by a radiating pattern (Fig 6F); a combination radiating 
fan pattern and parallel pattern (Fig 6G); and, a combination intersecting 
pattern and parallel pattern (Fig 6H). 

From the embodiments illustrated in Figs 4A-4H, Figs 5A-5F 
and Figs 6A-6H, it will be appreciated that implants and substrates can be, 
provided with microgeometric texturized surfaces having a multitude. of 
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geometric patterns, designs, configurations and cross sections to select, 
from for particular implants or substrate applications. 

Embodiments illustrating some of these microgeometric 
texturized surface configurations are shown in Figs 7A and 7B wherein 
grooves 44 and ridges 45 are shown formed in the surface of a typical 
implant 46.Mn addition, a cavity 47 is shown formed in the body of the 
implant 46, the cavity 47 having an open top 47a and a closed bottom 47b. 
While cavity 47 can be of any geometric configuration, it is here shown in 
the form of a frustoconical shape, the circumference of open top 47a being 
larger than the circumference of closed bottom 47b. Further, the 
circumferential wall of cavity 47 can have a plurality of spaced, 
longitudinal grooves 48 formed therein. 

In the embodiment shown in Fig. 7 A, the- geometric pattern of 
the grooves 44 and ridges 45 are formed in a parallel arrangement so that 
. grooves 44 meet the upper ends of longitudinal grooves 48 at the open top 
47a of cavity 47. With this arrangement, the direction of growth of tissues 
and cells can be oriented not only along grooves 44 and ridges 45 on the 
surface of the implant 46, but along grooves 48 down into cavity 47 so that 
the tissues and cells become anchored in the body of the implant 46. 

.♦Although the ridges 44 and grooves 45 illustrated in the 
embodiment of Fig. 7B are formed in a radial arrangement, grooves 44 
similarly meet the upper ends of longitudinal grooves 48 to orient the 
direction of growth of tissues and cells along grooves 44 and 45 and down 
into cavity 47 along grooves 48. 
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APPLICATION OF THE INVENTION TO A HIP PROSTHESIS 

A typical hip implant for humans having microgeometric 
texturized surfaces is illustrated in Fig. 8. As shown in Fig. 
8 the implant comprises a femural head 50, a femural neck 51, 
a proximal stem 52 and a distal stem 53. Utilizing the system 
and assemblage of the invention, proximal stem 52 and distalx 
stem 53 can each be ablated to create microgeometric {e^txiAzed 
surfaces of different geometric designs or patterns inorder to 
enhance and promote the growth of particular tissue. Premised 
upon the concept that oriented cells produce oriented tissue, 
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selected portions on- surface of the implant are not ablated to prevent 
migration of tissue growth from one part of the implant to another. Thus, 
four separate zones i.e., zones I, II, HI and IV, are created on the implant 
surface. Zone I corresponds to the texturized surface on the proximal stem 
52, zone II corresponds to the texturized surface on the distal stem 53 and 
zones HI and TV represent barrier surfaces. The texturized surface in zone 
I on the proximal stem 52 is patterned to promote the rate and orient the 
direction of the growth of bone tissue on proximal stem 52 and the 
texturized surface in zone H on the distal stem 53 is patterned to promote 
the rate and orient the direction of the growth of soft tissue on the distal 
stem 53. Barrier zone HI is provided to prevent migration of soft tissue 
growth into zone I of the proximal stem 52 and prevent migration of bone 
tissue into zone II of the distal stem 53. Barrier zone IV is provided to 
prevent migration of soft-tissue from the femural neck 51 into zone I of the 
proximal stem 52. 

Where excessive stress is anticipated to be exerted on the 
lateral region 54 of the hip implant, it may be desirable to provide a 
reinforced hip implant where the lateral region 5.4 has been built up as 
indicated in dashed lines at 54a to impart additional strength to the implant. 
In either instance, the lateral region 54 or a built up lateral region 54a is 
preferably not ablated to. act as an additional barrier zone in preventing 
migration of bone tissue growth from the proximal stem 52 into either . 
lateral region 54 or built up lateral region 54a. 

Implant surfaces ablated to have individual zones of different 
microgeometric texturized designs or patterns separated from one another 
by barrier zones provide implants that have good contact in the medial and 
lateral regions, but not in the anterior and posterior regions; achieve bone 
tissue fixation in the proximal region while preventing its migration into 
the distal region; and, prevent the growth; of fibrosis tissue into the bone 
tissue attachment regions. 

A typical dental implant whose surfaces have been 
microgeometrically texturized utilizing the system and assemblage of the 
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invention is illustrated in Fig. 9. In Fig. 9, the dental implant, generally 
indicated by reference numeral 55, is shown seated in bone tissue 56 with 
the tooth portion 57 of the implant extending below the gingival epithelium 
tissue 58. Between the gingival epithelium tissue 58 and the bone tissue 56 
is an area ofsoft connective tissue 59. 

-The surface of dental implaAt 55 that comes into contact with 
these three different types of tissue when the implant is embedded are 
ablated by the system and assemblage of the invention to have different 
microgeometric texturized patterns or designs for each distinct type of 
tissue. Thus, the surface of dental implant has a smooth zone 60 on the 
implant stem, a first microgeometric texturized zone 61, a second 
microgeometric texturized zone on the implant stem 62 and a barrier zone 
63 between first and second texturized zones 61 and 62. Smooth zone 60 
extends from the top of tpoth 57 into and through the gingival epithelium 
tissues 58, partially into soft tissue 59 and blends into the first 
microgeometric texturized zone 61. >i 

Smooth zone 60 promotes the growth and attachment of 
gingival epithelium tissue 58 to form a seal against oral environment. This 
zone 60 also deters the attachment of plaque to its surface while facilitating 
subsequent removal of any plaque that does accumulate on it. First 
microgeometric texturized zone 61 promotes the rate and orients the 
direction of the growth and attachment of soft connective tissue 59 and 
second microgeometric texturized zone 62 promotes the rate and orients 
the direction of the growth and attachment of bone tissue 56. Barrier zone - 
63 is provided to prevent the migration of soft connective tissue 59 into 
second zone 62 and prevent the migration of bone tissue 56 into first zone 
61. 

The transcutaneous implant illustrated in Fig. 10, generally 
identified by reference numeral 65, is typically cylindrical having upper 
and lower flanges 66, 67 and a central longitudinal bore 68 that extends 
through the body of the implant 65 as indicated by the dashed lines. The . 
outer circumferential surface of implant 65 is provided with a first 



micrqtexturized surface 69 and a second microtexturized surface 70 which 
are separated by a circumferential barrier zone 71. 

Transcutaneous implant 65 is shown embedded in tissue 
consisting of epithelium tissue 72 and dermal and sub-dermal connective 
tissue 73. Microtexturized surface 69 promotes' and orients the direction of 
growth of epithelium tissue 72 and microtexturizxed surface 70 promotes 
and orients the direction of growth of the dermal and sub-dermal tissue'73 
into each other. 

With transcutaneous implant 65 embedded in this manner, port 
63 can be used as a passage to accomodate a tube for cholostomy containers 
or as a means to accomodate an electrode for pace makers, and the like. 

To assure, that the surfaces of the implants texturized by the 
system and apparatus of the invention are free from contaminants and 
debris, they can be examined using a scanning electron microscope 
equipped with a back scattered election imaging system and an x-ray • 
micro-analysis system with' a Quantum light element detector in 
conjunction with appropriate software for elemental analysis. 

■ .The texturized implants of the invention can be surgically 
implanted using known surgical techniques. For example, orthopaedic 
implants can be accomplished following the procedures described in 
Campbell's Operative -Orthopaedics: edited by A H Crenshaw, published 
by C.V. Mosby, and dental implants can be accomplished following the 
procedures described in Dental Implants , edited by Charles. Babbush. 
published by W.B. Saunders. ■ 
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A LASER SYSTEM FOR CUTTING THE GROOVES IS AS FOLLOWS 

One assemblage that can be used in the system of the invention 
is illustrated in Fig. 1 wherein the source of controlled energy in 
the form of a radiated beam is supplied by an excimer laser 10 " 
having a wavelength of 248 nm and whose optical beam is shown by 
dashed line 11. The path of beam 11 is directed and controlled by 
a plurality of optical mirrors 12, 13, 14 and 15. Mirror 15 
directs beam 11 onto the surface of an implant or substrate 16 to 
create a microgeometric texturized surface of predetermined design 
as indicated by the plurality of beams 11a reflected from mirror 
15 . 

/ 

In this assemblage, a shutter 17 is positioned at the output 
of laser 10 to prove a safety interlock as required by the Center 
for Devices and Radiological Health (CDRH) and to permit the laser 
to be warmed up and services without engaging the optical beam. 

Downstream from shutter ,17 and mirror 12, an attenuator 18 is 
positioned to intercept beam 11 and control the excitation voltage of 
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laser. 10. This permits the optical power output of laser 10 to be varied 
.without affecting the optica! properties of beam 11. Preferably, attenuator 
18 is a variable attenuator which enables the fluence; i.e., energy densities 
(measured in Joules per square centimeter, J/cm^), impacting the surfaces 
of the implant or substrate 16 to be varied over a range of about 10 to 
about 1. , 

Prom attenuator 18, laser beam 11 is preferably directed ' 
through anho.mogenizer 19 which serves to increase the uniformity of the 
intensity of laser beam 1 1 and maximize its usable fraction; i.e., that 
portion of laser beam 1 1 that performs its intended function which, in this 
instance, is ablation. Homogenizer 19 also serves to form laser beam 11 
into a desired geometric shape; e.g., square, rectangular, circular, oval, 
elliptical, triangular, star-shaped, and the like, before it is passed through 
an aperture 20 to a mask carousel 21. 

As beam 1 1 is directed through aperture 20 to mask carousel 
21, an aperture illuminator 22 is engaged which enables an image having a . 
pre-determiried design or pattern to be projected onto the surface of the 
implant or substrate 16 in visible light before the implant or substrate 
. surface is ablated. By passing the beam 11 through aperture 20, 
controlling only the desired portion of the pre-selected image projected 
onto the surface of the implant or substrate 16 can be effected. 

Mask carousel 21 is equipped with a plurality of masks, each 
of which provide pre-selected line and space combinations to be imaged 
upon the surface of the implant or substrate 16. As the beam 1 1 exits mask 
carousel 21, it is directed through an image rotator 23 which turns the 
beam image being projected from the mask carousel 21 enabling any 
combination of lines and spaces to be imaged upon the surface of the 
implant or substrate 16. The image rotator 23 employed in this 
embodiment is a reflecting version of a Dove prism commonly referred to 
as a "K mirror". It serves to rotate the image exiting mask carousel 21 
about its central axis without bending or distorting its central axis 
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permitting infinite orientation of the exiting image so i that a set of 
predetermined lines can be ablated in any direction. 

In the embodiment shown, a TV camera 24, a light source 25 
illuminating the surface of the implant or substrate 16 being ablated, a 
splitter mirror 26 for coaxial illumination, a zoom lens 27 and a projecting 
lens 28 are provided to enable the projected image pattern and surface of 
the implant or substrate 16 to be viewed in real time during ablation of the 
implant or substrate surface. In this embodiment, mirror 14 serves as a 
combiner and splitter in accepting and reflecting the imaged beam 11 from 
rotator 23 as well as the illumination from light source 25 and directs them 
through projecting lens 28 permitting the surface of the implant or 
substrate to be reflected and directed back through zoom lens 27 to TV 
camera 24 to accomplish real time ablation viewing; i.e., from about 8 to 
about 18 ns (nanoseconds). 

. Mirror 15, which directs the imaged beam 11a onto the 
surface of the implant or substrate 1 6, is movably mounted by conventional 
means so that it is capable of rotating and tilting to project the imaged 
beam 11a in any direction through from about 30° to about 90° relative to 
the longitudinal axis of the projecting lens 28. Mirror 15. is also mounted 
so that it can be retracted out of the path of imaged beam 1 la enabling 
imaged beam 11a to. be projected directly onto the implant or substrate 
surface 16. With mirror 15 movably mounted in this manner, an imaged 
beam can be projected to ablate the inner surfaces of U-shaped implants 
such as femoral components for knee replacements or the inner and/or 
outer surfaces of tubular or cylindrical substrates for use in prompting in 
vitro cell growth. 

Instead of employing a mask carousel 21 to create pre- 
determined patterns or designs to be projected onto the surface of an 
implant or substrate, an optical prism or optical mirrors can be used as 
illustrated in Figs. 2 and 3. 

As shown in Fig. 2, a suitable optical prism 29 has a reflective 
surface 30 and a refractive surface 31. Prism 29 is positioned to receive ' 
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optical beam .1 1 onto reflective surface 30. As optical beam 1 1 enters the 
prism 29 through reflective surface 30, it is refracted and reflected a 
number of times along the length of prism 29 in a path following the 
general direction of the small arrows. The number of times that beam 11 
is refracted and reflected can be predetermined and calculated from the 
angle, size and index of refraction of the prism or other 
reflective/refractive means being used. A portion of optical beam 11 ' 
passes through refractive surface 31 in the form of a plurality of beams 
11a which can either be directly projected* onto the surface of an implant or 
substrate or be directed through an image rotator 23 as described above. A 
small percentage of optical beams 11a escape through reflective surface 30 
shown in long dashed lines as lib. Prism 29 can be mounted to rotate 
relative to optical beam 11 and optical beam 1 1 can also be scanned across 
surface 30 and/or down its length toward the apex of prism 29 to create 
any combination of lines and spaces in any direction as desired. Further, 
although a 3-faced prism is shown, multi-faceted prisms can also be 
employed to create more complex patterns and designs. 

. Opposed optical mirrors shown in Fig 3 can also be used to 
produce pre-determined patterns and designs. In the arrangement shown in 
Kg. 3, a pair of concave mirrors 32, 33 are mounted so that their concave 
surfaces face each other. The surfaces of mirror 32 are treated to provide 
a window or port 32a arid this mirror is positioned to enable optical beam 
11 to pass through window or port 32a. The surfaces of opposed mirror 
33 are treated to provide a plurality of windows or ports 33a. After 
optical beam 11 passes through window or port 32a, it is reflected and 
refracted a number of times between the opposed surfaces of mirrors 32 
and 33 following a path indicated by the short arrows whereupon a portion 
of the reflected/refracted beams will pass through the plurality of windows 
or ports 33a in mirror 33. Either or both mirrors 32, 33 or optical beam 
11 can be moved relative to each other to produce any combination of lines 
and spaces and thus create an infinite variety of desired patterns and 
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designs. Gratings can also be used as the refractive/reflective means in 
place of the optical mirrors. 

The assemblage of the system of the invention illustrated in 
Figs^ 1-3 can be readily operated using conventional computer hardware 
and software. A design data base can be developed for an implant or 
substrate from. which import and export functions can be derived to 
convert data' formats from conventional Computer Aided Design (CAD) 
programs. Specific microgeometric texturized design patterns can then be 
prepared and programmed for operation of the assemblage components. 
Typically, programming of a particular design pattern will be converted 
into explicit commands for integrated operation of the assemblage 
components and control of such functions as laser voltage, laser pulse 
trigger, shutter speed, attenuation, aperture rotation, mask selection, image 
rotation, mirror tilt and rotation positioning, and the like. For example, 
software information required to control an optical beam and provide the 
measurements to texturize a particular implant surface can be generated by 
a "Digitizing Beam" available from Laser Design, Inc. 

Thus, the assemblage and system of the invention permits a 
plurality of different texturized microgeometric designs or patterns to be 
concurrently ablated on the surface of an implant or substrate and be 
provided in pre-designated areas on their surfaces to create separate 
microgeometric texturized zones. In addition, the system and assemblage 
of the invention enable ablated implant or substrate texturized patterns 
having a wide range of dimensions to be obtained such as from about 1 to 2 
mm in diameter for dental implants to in excess of 225 mm in length for 
hip implants. 

As mentioned above, the various components comprising the 
assemblage described in the embodiment of Fig. 1 are commercially 
available. For example, excimer lasers (10) can be obtained from Lambda 
Physik, Lumonics, Questek and Rofin Sinar; UV grade fused silica mirrors 
(12, 13, 14, 15) used for excimer image beam (11) and borosilicate or 
crown glass used for splitter mirror (26) can be obtained from Acton 
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Research, CVI, arid Spindler and Hoyer; attenuators (18) can be obtained 
from Lamson Engineering; homogenizers (19) for specific applications can 
be obtained from the Laser Technique division of Lambda Physik; aperture 
illuminators (22) and illuminating light sources (25) can be obtained from 
Leica, Melle;s Griot, Nikon, Oriel and Wild; a suitable TV camera (24) can * * 
be obtained from. Hitachi, Panasonic and Sony; a suitable zoom lens (27) 
can be obtained from Ealing, Nikon, Oriel and Sony; and, a projecting lens 
(28) can be obtained from Ealing and Newport; optical prisms (29) and 
optical mirrors (32, 33) can be obtained from Rolyn Optics Co. and 
Reynard Enterprises, Inc.; and, gratings can be obtained from Lasiris, Inc. 
These commercial sources for the various components are obviously not 
intended to be exhaustive, but arc mentioned merely as being representative 
and illustrative of their commercial availability. 

. . While the invention has been described with particularity arid 
in some detail, it will be appreciated that changes and modifications can be 
made therein without departing from the scope, of the invention recited in 
the appended claims. 
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WHAT IS CLAIMED Ig : 



<kt A surface having a microgepmetric indentation 
-y preferential to a particular cell typeyJ**™ 3 ^^ W ^' rt <4- 

2. The surface of Claim 1 wherein the micro geometric 
% indentation is a groove paving a cross-sectional configuration 
/^jfi J) • ^olatod fco^ j^B^size of a particular cell type. 

^yS'^^ 3 - The surface of Claim 2 wherein the groove^feao -a 
v ^ *p ^ ro(jLQtormincd j-ulali u n u hJ^ t o a bone cell. 

. ,' 0 ^ir ; %o 4. The surface of Claim 3 wherein the groove has a 
f*lv <>fjcross -sectional dimension of substantially the same size as a 
^ ' A/ bone cell .-- * < 



j)3 5. The surface of Claim 2 wherein the groove 
HPg e d ctGrmiimd J i u^l-uinnhlp t o a soft tissue cell. 

6 . The surface of s Claim 5 wherein the groove has a 
cross-sectional dimension of substantially the same size as a 
soft tissue cell. 

7 . The surface of Claim 1 wherein there are a plurality 
of indentations such that a cell will preferentially situate 
on said indentations. 
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8. The surface of Claim 7 wherein the 'indentations are 



• 9. 



grooves diroeijtioned so that a bone cell will situate thereon. 



9. The surface of Claim 8 wherein the grooves form a 
microtexturized surface. 

10. The surface of Claim 2 wherein the surface is part 
of an implant. 



X 



The process of preferentially growing types of cells 



including the steps of: 



preparing a surface for the growth of a type of 



cell. 



b * V/^ riding an indent on the surface that has a 
pref ere"ntidJ| iklationship to the size of the cell. 

c. providing cellular material for the growth of 

\ 

that type of ctell. \ 

12. The procesl of Claim. 11 including the step of 
providing a plurality 6f indents. 



13. The process ofXciaim 11 wherein the indent has a 
cross-sectional dimension Velated to the size of bone cells. 
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The process of Claim 11 wherein the indent has a 
cross-s^ee^ipnal dimension related to the size of soft tissue 
cells. 

yf. A surface having a first area with microgeometric 
-indentation preferential to a first type of cell growth and a 
second area perferential to a second type of cell growth. 

16 >^ites^pf^ce of Claim 15 including a third area 
havingU surface^^lv s ac^substantially as a barrier to both the 
first and secorta v£yr>e of cell growth. 

17. The surface of Claim 15 when the first cell growth 

! 

is bone cell growth and the second cell growth is soft tissue cell 
growth. 



\\ 18. The surface of Claim 15 wherein (the first wi£^ 

^ .. '^v;^ N 

includes indentations^are grooves having a cross-section greater 

T) ^than a specified size^and the second ourf^o having grooves having 

a cross-section lesser than the specified size. 



I^JT. Va surgical implant havin g at lea sHjne microgeometric 
texturized zone ana at least one barrier zone defined on its surface, said ■ 
barrier zone being disposed adjacent said microgeometric zone, said 
microgeometric texturized zone having a pattern to promote the rate and 
orient the direction oft growth of bone tissue thereon or a pattern to 
promote the rate and afient the direction of growth of soft tissue thereon. 



<£. A hiA implant having a plurality of microgeometric 
texturized zones and a plurality of barrier zones defined on its surface, 
each of said barrier zones being disposed between adjacent microgeometric 
texturized zones, one of sartf imrogeometric texturized zones having a : " •-. 



pattern to promote the rate 
tissue thereon and another o 
a pattern to promote the rate 
tissue thereon. 



fc orient the direction of the growth of bone 
; lidlmicrogeometric texturized zones having 
'orient the direction of the growth of soft 



The hip implant of Claim 2 wherein said 
microgeometric texturized zone to\promote the rate and orient the 
direction of the growth of bone tissue thereon is provided on the surface of 
the proximal stem of said hip implant and said microgeometric texturized 
zone to promote the rate and orient the direction of the growth of soft 
tissue thereon is provided on the surface of the distal stem of said hip 
implant. 



A hip implant comprising: 



(a) a femoral head, k femoral neck, a proximal 
stem and a distal Wem; 

(b) a first microgeometric texturized zone defined 
on the surface of said proximal stem and 
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(c) 



(d) 



(e) 



having a pattern to promote the rate and 
orient the direction of the growth of bone 
tissue thereon; 

a second microgebmetric texturized zone 
defined on the surface of said distal stem and 
having a pattern to promote the rate and 
i orient the direction of the growth of soft 
\tissue thereon; 

first barrier zone provided between said 
rst and second microgeometric texturized 
zopes; and, 

a ^ec^id barrier zone provided between said 



first 



microgeometric texturized zone and said 
netk.. 



fe^Ora 

A dentajf imblant having a plurality of microgeometric 
texturized zones and a plurality of barrier zones defined on its outer 
surface, said barrier zones beingldisposed between adjacent 
microgetometric texturized zonesl one of said microgeometric texturized 
zones having a pattern to promote the rate and orient the direction of the 
growth of soft connective tissue thereon and another of said 
microgeometric texturized zones having a pattern to promote the rate and 
orient the direction of the growth o^ bone tissue thereon. 

, The dental implant of Claim^ wherein said 
microgeometric texturized zone to promote the rate and orient the 
direction of the growth of soft connective tissue thereon is provided on the 
proximal surface of the stem of said dental implant and said 
microgeometric texturized zone to promote the rate and orient the 
direction of the growth of bone tissue thereon is provided on the distal 
surface of the stem of said dental implant' 
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A dental implant comprising:' 



(a) a tooth portion and an implant stem having a 
proximal section and a distal section; 

(b) a first microgeometric texturized zone defined 
on the surface of said proximal section to 
promote the rate and orient the direction of 
the growth of soft tissue thereon; 

(c) a second microgeometric texturized zone 
defined on the surface of said distal section to 
promote the rate and orient the direction of 
the growth of bone tissue thereon; 

(d) a first barrier zone provided between said 
first and second microgeometric texturized 
zones; and, 

^(e) a second barrier zone provided between said 
first microgeometric texturized zone and said 
tooth portion. 

A transcutaneous implant having a first and second 
microgeometric texturized zone defined on its outer surface; a barrier zone 
disposed between sain first and second microgeometric texturized zones; 
and, a passage means uefined within the body said implant, said first 
microgeometric texturteed zone having a pattern to promote the rate and 
orient the direction of growth of epithelium tissue thereon and said second 
microgeometric texturizad zone having a pattern to promote the rate and 
orient the direction of growth of dermal and sub-dermal tissue thereon. 



A substrate, 
orienting the direction of the/ 
one surface of said substrate having a micrfc 



atj^or^con^lling the in 
e/growth of tissues and/c 



vitro growth rate and 
and/or cells thereon, at least 
eometric texturized pattern 
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defined thereon having A design adapted to 1 promote the in 
vitro growth of a pre-determinled tissue cell. 



in^d 



28. The substrate of Claim 27 wherein said pattern is in the 
form of a plurality of spaced, parallel ridges and grooves. 

29. The substrate of Claim 27 wherein -said pattern is in the 
form of a plurality of radial ridges and grooves. 

30. The substrate of Claim 27 wherein said pattern is in the 
form of a plurality of spaced, arcuate and circular ridges and 
grooves. 



\ . 31. The substrate of CJ^aim 27 wherein said pattern is formed 
-by a combination of a plurality of spaced, parallel ridges and 
J grooves, a plurality of radial Mdges and grooves and a plurality 
of spaced arcuate and circular ridges and grooves. 

^s^rfaceiTyving a microgeometric indentation which acts 
as a barrier to X gro^th of a particular cell type. 

A surface having a microgeometric configuration for 
promotion of the growth of a particular cell type. 




v 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



<kJ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



P LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





